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The antisymmetric tensor propagator in AdS 
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C^l ■ Abstract 

>>: 

Qs , In this brief note we construct the propagator for the antisymmetric ten- 

sor in AdSd+i- We check our result using the Poincare duahty between the 
^ ■ antisymmetric tensor and the gauge boson in AdS^. This propagator was 

^ ■ needed for a computation which turned out to be too hard. It can be used 

a^ 
in 

o 
o 



Oh! 
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for computing various other things in AdS. 
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I. INTRODUCTION 

In IHQl, a lot of effort was put into finding the AdS propagators for the graviton and 
the gauge boson. Their methods can be used straightforwardly for the -B^i, propagators. An 
ansatz can be made for bitensor propagators 0. This ansatz contains both gauge artifacts 
and gauge invariant parts. Upon using the equation of motion for B^^, we obtain an equation 
for the gauge invariant part of the propagator, whose solution is hypergeometric. For d=5 
it simplifies to an algebraic function of the chordal distance. As explained in |]I[, working 
on the subspace of conserved sources makes gauge fixing unnecessary. We check our result 
by verifying the 5-dimensional Poincare duality between A^ and -B^jy. 



II. THE B^^ PROPAGATOR 



In Euclidean AdSd+i, with the metric 



ds' = \{dzl + j:Udz^), (1) 



z. 



the easiest way to express invariant functions and tensors is in terms of the chordal distance: 

{Zo - Wof + {Zi - Wif 

u = . (2) 

2ZqWq 

The action for an antisymmetric 2-tensor coupled to a conserved source Sfj^y is: 

Sb = j d'^^h^gi^^H^^^'H,^, - \b,^S^% (3) 

where 

H^up = D^B^p + D^Bp^ + DpBf^i,. (4) 

The Euler Lagrange equation has a solution of the form: 

B,Az) = ^l d''^'w^Gp,.,^,,iz,w)S'^'''\w), (5) 

where Gp^-p_'^> is the bitensor propagator. To simplify notation, the D's with unprimed 
indices mean covariant derivatives with respect to z, and those with primed indices with 
respect to w. The equation Gp^^p^iyi satisfies is: 

D^iDpGup-^'u' + DyGpp,-^piui + DpGpi^-p'u') = —6{z,w){gfj,piguu' — gfiu'gun')+ 

+D^iAp^.y — Di,iK^y.pi, (6) 

where A.p^^.y is a diffeomorphism whose contribution vanishes when integrated against the 
covariantly conserved source S^''' . We can see that all of our bitensors are antisymmetric at 
both points. 

Similarly to the methods in [0] we observe that a suitable basis for antisymmetric biten- 
sors is given by: 

Tpu^u' = df,dp>udydy,u - d^d^md^dp/u (7) 



Thus, an ansatz for G is G = T^F^{u) + T'^F'^{u). Nonetheless, we use a different decom- 
position, which illustrates better the gauge artifacts 

G^u;n'u' = T^^.^,^,H{u) + D^Vu;^/u' — Dt,V^-^'u', (8) 

where V^;^v' = Y {u)[d^dfj_rud,,'U — d^d^iud^iu]. Also, an antisymmetric Is^^y.y can be ex- 
pressed as 

J^,j.u-y = A{u)[d^d^'ud^u - d^^dyiud^u]. (10) 

We can now substitute (8) and (10) in (6), and after a long computation we obtain 

= T^[H"u{u + 2) + H\l + u){d-l)- 2A] - T^[H"{1 + m) + H\d - 1) + A']. (11) 

For z ^ w, we obtain 2 equations by setting the scalar coefficients of the two tensors to 0. 
We can observe that the V^.^^/yi part which was a gauge artifact dropped out as expected. 
Thus, for -u 7^ we have the equations: 

H"u{u + 2) + H'{1 + M)(rf - 1) - 2A = (12a) 

H"{l + u) + H\d-l) + A' = Q. (126) 

The second equation can be integrated once, with the integration constant chosen so that 
A and H vanish as -u ^ oo. Combining this with (12a) we find the differential equation 
obeyed by H: 

u{2 + u)H"{u) + {d+l){u + l)H'{u) + 2{d - 2)H = 0. (13) 

This equation is hypergeometric, but the solution which vanishes as -u ^ oo is rational: 

^ r((c^-i)/2) .. + 1 

properly normalized to take care of the 6 function in (6). 

III. POINCARE DUALITY 

In 5 dimensions a 2-form is Poincare dual with a gauge boson, by the relation: 

Hp^pt^^'P''^ = 3! F"^ (15) 

Therefore, we expect: 

{F^\z)F^'''{w)) = j^,e'^'''''e^'''''''^'''{H,^p{z)H,,M^)). (16) 

Checking (16) is a verification that our result is true. We use the fact that 

{B^,yB^/^l) = Gpy.plyl (17) 



and 

{A^A,.) = G^,^,, (18) 

where the second propagator was found in [Q]. We could check the tensor equahty (16) term 
by term, but it is messy. We rather observe that the right hand side of (16) is a bitensor 
antisymmetric at both ends, and thus it will have the structure 

,^^'^p^\>^''^'p''^'>^\H,,p{z)H,,,,p,{w)) = F,{u)Tr^'''' + F2{u)Tr'''''' ■ (19) 

Concentrating on the components of {F^°^^{z)F^^^i{w)) we obtain: 

2Fi + F2{1 + u) = H" , (20a) 

F2(l + uf + F2 + 2Fi(l + u) = 2H"{1 + u) + 3H', (206) 

which give the same Fi and F2 as the ones obtained from the gauge propagator derived in 

i- 

IV. CONCLUSION 

We computed the propagator for i?^,^ in AdSd+i and checked our result by using Poincare 
duality for (1 = 4. This propagator can be used for computing various quantities having to 
do with Bfj^i, charged objects (like strings or D-branes with electric flux) in AdS. The 
propagators for higher form fields can also be found by using Poincare duality [Q or by 
explicit calculation ^j. 
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APPENDIX A: SEVERAL USEFUL IDENTITIES INVOLVING THE CHORDAL 

DISTANCE 

In the computations the following identities were useful: 

ZqWq Wq Zq 

d^u = —[{z-w)^/wo-u5^o\ (v42) 

d^'U = — [{w - z)„'/zo - u6,y'o] {A3) 

Wq 

D''d^u = {d + l){u + l) (AA) 

df'u d^u = u{u + 2) (A5) 

D^duU = g^uiu + 1) {A6) 

{d^'u){D^d^d^.u) = d^ud^m {A7) 

{d^'u){d^d,>)u = {u+ l)d,>u {A8) 

D^^dudym = g^ydym (yl9) 
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